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Table 2-1

Key References on Reinforced Concrete Wall Behavior (continued)

Reference

Description

Comp. |Behavior modes Addressed

Types |A|B|C|D|E|F|G|H]|I |1

Paulay, Priestley & 4 test specimeris, 2 rectangular, 2 flanged.

RC1 | ..

Synge (1982) Low-rise walls, M/VL = 0.57 Approx. 1/2 scale.
Two specimens with diagonal bars to prevent sliding shear.
Paulay & Binney 12 coupling-beam test specimens, 3 monotonic loading, 9 cyclic-static loading. RC3 A L

(1974) Paulay (1971a, | M/VL =0.51, 0.65. Approx. 1/2 scale. Varied.amount of stirrup reinforcement, and amount
and arrangement of longitudinal reinf., 3 specimens with diagonal bars.

1971b)

Paulay and Santhaku- | Two 7-story coupled wall specimens. Cyclic-static loading 1/4 scale. One specimen with  |RC1

mar (1976)

- diagonally reinforced coupling beams.

RC3

Barmey et al (1978) 8 coupling beam test specimens, Cyclic-static loading. M/VL = 1.25, 2.5. Approximately

RC3 |~ |+ | |-

(Portland Cement 1/3-scale specimens with conventional longitudinal reinforcement, diagonal bars in
Association) hinge zones, and full length diagonal bars. Full length diagonal reinforcement signifi-
cantly improved performance.
Wight (Editor) 7-story building, two bays by three bays with beam and slab floors, cyclic-static loading full | RC1 .
(1985) scale. One wall acting parallel to moment frames. Parallel and perpendicular frames

increased the capacity of the structure.

Test structure repaired with epoxy injection and re-tested

Alexander, Heide- MIVL = 2.0, 1.33, 0.67 Cyclic-static loading. RC1 . .
brcht, and Tso (1973) | 1/2 scale. Axial load varied.
(McMaster Univer-
sity)
Shiga, Shibata, and 8 test specimens, 6 cyclic-static loading, 2 monotonic. RC1 .
Takahashi (1973 Approx. 1/4 scale. Barbell section.Load history, web reinforcement, and axial load varied.
,1975) (Tohoku Uni- | M/VL =0.63.
versity)
Maier (1991) 10 test specimens, 2 cyclic-static loading, 8 monotonic. RC1 o |e
-7 flanged sections, 3 rectangular. Approx. 1/3 scale. Reinforcement and axial load varied.
MIVL =1.12.
1 Behavior modes:

A Ductile Flexural Response

B Flexure/Diagonal Tension

C Flexure/Diagonal Compression (Web Crushing)

D Flexure/Sliding Shear

E Flexure/Boundary-Zone Compression

F Flexure/Lap-Splice Slip

G Flexure/Out-of-Plane Wall Buckling
H Preemptive Diagonal Tension

1 Preemptive Web Crushing

J  Preemptive Sliding Shear

K Preemptive Boundary Zone Compression Failure
L Preemptive Lap-Splice Failure
M Global foundation rocking of wall

N Foundation rocking of individual piers
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Table 2-1 Key References on Reinforced Concrete Wall Behavior (continued)
TR RO, Tt "
Reference Description Comp. |Behavior modes Addressed
Types |A[B|C|ID|E|[F |G|H|I
Mansur, Balendra, 4 successful test specimens, cyclic-static loading. RC1 o |
and H’ng (1991) Approx. 1/4 scale. Flanged section. Web reinforced with welded wire mesh or expanded
metal.
M/IVL = 0.68.
Saatcioglu (1991) 3 test specimens, cyclic-static loading RC1 s jo e
Approx. 1/3 scale. Rectangular section. Horizontal and sliding-shear dowel reinforcement
varied.
M/VL =0.50.
Aristizabal-Ochoa, 4 shake-table specimens. Approx. 1/12 scale. RCl1 °

Dario, & Sozen 10-story coupled walls, rectangular pier and beam sections. Discusses reduced stiffness of |RC3
(1976) (University of coupling beams resulting from bond slip, and redistribution of demands between wall
Illinois) piers. :

Lybas & Sozen 6 test specimens, 5 shake-table and 1 cyclic static. Approx. 1/12 scale. RC1 °
(1977) (University of | 6-story coupled walls, rectangular pier and beam sections. RC3
Illinois) :

Azizinamini et al. Out-of-plane tests on tilt-up walls. 6 test specimens. RC1
(1994) (Portland Approx. 3/5 scale. Monotonic out-of-plane loading.

Cement Association) | Report shows typical crack patterns resulting from out-of-plane forces.

ACI-SEAOSC Out-of-plane tests on tilt-up walls, 12 reinforced concrete specimens (Also, 18 reinforced |RC1
Task Force (1982) masonry specimens). Full scale monotonic out-of-plane loading and constant axial loading

h/t ratios of 30 to 60.

e i R

1 Behavior modes:

A Ductile Flexural Response

B Flexure/Diagonal Tension

C Flexure/Diagonal Compression (Web Crushing)
D Flexure/Sliding Shear

E Flexure/Boundary-Zone Compression

F Flexure/Lap-Splice Slip

G Flexure/Out-of-Plane Wall Buckling
H Preemptive Diagonal Tension

I Preemptive Web Crushing

J  Preemptive Sliding Shear

L Preemptive Lap-Splice Failure

M Global foundation rocking of wall

N Foundation rocking of individual piers

K Preemptive Boundary Zone Compression Failure
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Chapter 2: Reinforced Concrete Components

Symbols for Reinforced Concrete

2.4
Symbols that are used in this chapter are defined below. h,, = Height of wall or segment of wall considered
Further information on some of the variables used (per ACI)
(particularly those noted “per ACI”) may be found by . . .
looking up the symbol in Appendix D of ACI 318-95. k,. = Coefficient accounting the effect of ductility
demand on V,_ per FEMA 306, Section A2.3.6.b
A, = Cross sectlon.al area of confined core of wall I, = Equivalent plastic hinge length, determined
boundary region, measured out-to-out of con- ccording 1o FEMA 306. Section A2.3.3
fining reinforcement and contained within a according to » Dection Az.5.3.
length ¢’ from the end of the wall, FEMA 306, I, = Unsupported length considered for wall buck-
Section A2.3.7 ling, determined according to FEMA 306,
A, = Netarea of concrete section bounded by web Section A2.3.9
thickness and length of section in the direction {, = Beam clear span (per ACI)
. .2 »
of shear force considered, in” (per ACI) l, = Length of entire wall or segment of wall con-
Ag = Gross cross sectional area of wall boundary sidered in direction of shear force (per ACI).
region, taken over a length ¢’ from the end of (For isolated walls and wall piers equals hori-
the wall, FEMA 306, Section A2.3.7 zontal length, for spandrels and coupling beams
. . equals vertical dimension i.e., overall depth)
Ag, = Total cross-sectional area of transverse rein- ' <
forcement (including crossties) within spacings M = Cracking moment (per ACI)
and perpendicular to dimension k.. (per ACI) M, = Expected moment strength at section, equal to
b = Width of compression face of member, in (per nominal moment strength considering expected
ACI) material strengths. _
b, = Web width, in (per ACI) M, = Nominal moment strength at section (per ACI)
¢ = Distance from extreme compressive fiber to M, = Factored moment at section (per ACI)
neutral axis (per ACI) M/V=Ratio of moment to shear at a section. When
¢’ = Length of wall section over which boundary moment or shear resulits from gravity loads in
ties are required, per FEMA 306, addition to seismic forces, can be taken as
Section A2.3.7 M,/V,
d, = Bardiameter (per ACI) N, = Factored axial load normal to cross section
dy, = Bar diameter of tie or loop occurring simultaneously with V,; to be taken
as positive for compression, negative for ten-
f. = Specified compressive strength of concrete, psi sion (per ACI)
(per ACI) s = Spacing of transverse reinforcement measured
o= Specified yield strength of nonprestressed rein- along the longitudinal axis of the structural
forcement, psi. (per ACI) member (per ACI) .
fyn = Specified yield strength of transverse reinforce- ~ §1 = spacing of vertical reinforcement in wall (per
ment, psi (per ACI) ACD) :
h, = Cross sectional dimension of confined core of Ve = Nominal shear strength provided by concrete
wall boundary region, measured out-to-out of (per ACI)
confining reinforcement V, = Nominal shear strength (per ACI)
hg = Height over which horizontal reinforcement V, = Nominal shear strength related to axial load per
contributes to V, per FEMA 306, Section
Section A2.3.6.b
FEMA 307 Technical Resources 33



Chapter 2: Reinforced Concrete Componenis

Nominal shear strength provided by shear rein-
forcement (per ACI)

Factored shear force at section (per ACI)

Web crushing shear strength per FEMA 306,
Section A2.3.6.c

Coefficient accounting for wall aspect ratio
effect on V. per FEMA 306, Section A2.3.6.b

Coefficient accounting for longitudinal rein-
forcement effect on V, per FEMA 306,

Section A2.3.6.b
Story drift ratio for a component, correspond-

ing to the global target displacement, used in
the computation of V,,., FEMA 306,

Section A2.3.6.c
Coefficient of friction (per ACI)

Ha =

Py
P

Pn

Displacement ductility demand for a compo-

nent, used in FEMA 306, Section A2.3.4, as
discussed in Section 6.4.2.4 of FEMA-273.
Equal to the component deformation corre-
sponding to the global target displacement,
divided by the effective yield displacement of
the component (which is defined in Section
6.4.1.2B of FEMA-273).

Ratio of total reinforcement area to cross-sec-
tional area of wall.

Local reinforcement ratio in boundary region of
wall according to FEMA 306, Section A2.3.7

Ratio of distributed shear reinforcement on a
plane perpendicular to plane of A, (per ACI).

(For typical wall piers and isolated walls indi-
cates amount of horizontal reinforcement.)

34

Technical Resources

FEMA 307



Chapter 2: Reinforced Concrete Components

2.5 References for Reinforced Concrete

This list contains references from the reinforced
concrete chapters of both FEMA 306 and 307,

ACI, 1995, Building Code Requirements for Reinforced
Concrete, American Concrete Institute, Report ACI
318-95, Detroit, Michigan.

ACI-SEAOSC, 1982, Test Report on Slender Walls,
Task Committee on slender Walls, American Con-
crete Institute, Southern California Chapter, and
Structural Engineers of Southern California.

Alexander, C.M., Heidebrecht, A.C., and Tso, W.K.,
1973, “Cyclic Load Tests on Shear Wall Panels,
Proceedings,” Fifth World Conference on Earth-
quake Engineering, Rome, pp. 1116-1119.

Ali, Aejaz and Wight, J. K., 1991, “R/C Structural
Walls with Staggered Door Openings,” Journal of
Structural Engineering, ASCE, Vol. 117, No. 5,
pp. 1514-1531.

Antebi, J., Utku, S., and Hansen, R.J., 1960, The
Response of Shear Walls to Dynamic Loads, MIT
Department of Civil and Sanitary Engineering,
Report DASA-1160, Cambridge, Massachusetts.

Aristizabal-Ochoa, D., J., and Sozen, M.A., 1976,
Behavior of Ten-Story Reinforced Concrete Walls
Subjected to Earthquake Motions, Civil Engineer-
ing Studies Structural Research Series No. 431,
Report UILU-ENG-76-2017, University of Illinois,
Urbana, Illinois. -

ASCE/ACI Task Committee 426, 1973, “The Shear
Strength of Reinforced Concrete Members,” ASCE
Journal of Structural Engineering, Vol. 99, No.
ST6, pp 1091-1187.

ATC, 1983, Seismic Resistance of Reinforced Concrete
Shear Walls and Frame Joints: Implication of
Recent Research for Design Engineers, Applied
Technology Council, ATC-11 Report, Redwood
City, California.

ATC, 1996, The Seismic Evaluation and Retrofit of
Concrete Buildings, Applied Technology Council,
ATC-40 Report, Redwood City, California.

ATC, 1997a, NEHRP Guidelines for the Seismic Reha-
bilitation of Buildings, prepared by the Applied
Technology Council (ATC-33 project) for the
Building Seismic Safety Council, published by the
Federal Emergency Management Agency, Report
No. FEMA 273, Washington, D.C.

ATC, 1997b, NEHRP Commentary on the Guidelines
for the Seismic Rehabilitation of Buildings, pre-
pared by the Applied Technology Council (ATC-33
project) for the Building Seismic Safety Council,
published by the Federal Emergency Management
Agency, Report No. FEMA 274, Washington, D.C.

Azizinamini, A., Glikin, J.D., and Qesterle, R.G., 1994,
Tilt-up Wall Test Results, Portland Cement Associa-
tion, Report RP322D, Skokie, Illinois.

Barda, Felix, 1972, Shear Strength of Low-Rise Walls
with Boundary Elements, Ph.D. University, Lehlgh
University, Bethlehem, Pennsylvania.

Barda, Felix, Hanson, J.W., and Corley, W.G., 1976,
Shear Strength of Low-Rise Walls with Boundary
Elements, Research and Development Bulletin
RD043.01D, preprinted with permission from ACI
Symposium Reinforced Concrete Structures in
Seismic Zones, American Concrete Institute.

Barney, G.B., Shiu, K.N., Rabbat, B.G., Fiorako, A.E.,
Russell, H.G., and Corley, W.G., 1978, Earthquake
Resistant Structural Walls — Test of Coupling
Beams, Report to National Science Foundation,
Portland Cement Association, Skokie, Illinois.

Benjamin, J.R., and Williams, H.A., 1958a, “The
Behavior of One-Story Reinforced Concrete Shear
Walls,” Journal of the Structural Division, ASCE,
Vol. 83, No. ST3.

Benjamin, J.R., and Williams, H.A., 1958b, Behavior of
One-Story Reinforced Concrete Shear Walls Con-
taining Openings, ACI Journal, Vol. 55 pp. 605-
618.

BSSC, 1992, NEHRP Handbook for the Seismic Evalu-
ation of Existing Buildings , prepared by the Build-
ing Seismic Safety Council for the Federal
Emergency Management Agency, Report No.
FEMA-178, Washington, D.C.

BSSC, 1997, NEHRP Recommended Provisions for
Seismic Regulations for New Buildings and Other
Structures, prepared by the Building Seismic Safety
Council for the Federal Emergency Management
Agency, Report No. FEMA 302, Composite Draft
Copy, Washington, D.C.

Cardenas, Alex E., 1973, “Shear Walls -- Research and
Design Practice,” Proceedings, Fifth World Confer-
ence on Earthquake Engineering, Rome Italy.
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Corley, W.G,, Fiorato, A.E., and Oesterle, R.G., 1981,
Structural Walls, American Concrete Institute, Pub-
‘lication SP-72, Detroit, Michigan, pp. 77-131.

CRSI, No publication date given, Evaluation of Rein-
forcing Steel in Old Reinforced Concrete Struc-
tures, Concrete Reinforcing Steel Institute,
Engineering Data Report No. 11, Chicago, Illinois.

CSI, 1997, SAP2000, Computers and Structures, Inc.,
Berkeley, California.

El-Bahy, A., Kunath, S.K., Taylor, A.W., and Stone,
W.C., 1997, Cumulative Seismic Damage of Rein-
forced Concrete Bridge Piers, Building and Fire
Research Laboratory, National Institute of Stan-
dards and Technology (NIST), Draft Report, Gaith-
ersburg, Maryland.

Hill, James A, 1997, “Summary of Finite Element Stud-
ies of Walls,” oral communication

ICBO, 1994, 1997, Uniform Building Code, Interna-
tional Conference of Building Officials, Whittier,
California.

Iliya, R., and Bertero, V. V., 1980, Effects of Amount and
Arrangement of Wall-Panel Reinforcement on
Behavior of Reinforced Concrete Walls, Earthquake
Engineering Research Center, University of Cali-
fornia at Berkeley, Report UCB-EERC-82-04.

Kawashima, K., and Koyama, T., 1988, “Effect of
Number of Loading Cycles on Dynamic Character-
istics of Reinforced Concrete Bridge Pier Col-
umns, ” Proceedings of the Japan Society of Civil
Engineers, Structural Eng./Earthquake Eng., Vol.
5, No. 1.

Lybas, J.M. and Sozen, M.A., 1977, Effect of Beam
Strength and Stiffness on Dynamic Behavior of
Reinforce Concrete Coupled Walls, University of
Illinois Civil Engineering Studies, Structural
Research Series No. 444, Report UILU-ENG-77-
2016 (two volumes), Urbana, Illinois.

Maier, Johannes, 1991, “Shear Wall Tests,” Preliminary
Proceedings, International Workshop on Concrete
Shear in Earthquake, Houston Texas.

Mander, J.B., Mahmoodzadegan, B., Bhadra, S., and
Chen, S.S.,1996, Seismic Evaluation of a 30-Year-
Old Highway Bridge Pier and Its Retrofit, Depart-
ment of Civil Engineering, State University of New
York, Technical Report NCEER-96-0008, Buffalo
NY.

Mansur, M.A., Balendra, T., and H’'Ng, S.C,, 1991,
“Tests on Reinforced Concrete Low-Rise Shear
Walls Under Cyclic Loading,” Preliminary Pro-
ceedings, International Workshop on Concrete
Shear in Earthquake, Houston Texas.

Oesterle, R.G., Fiorato, A.E., Johal, L.S., Carpenter,
J.E., Russell, H.G., and Corley, W.G., 1976, Earth-
quake Resistant Structural Walls -- Tests of Isolated
Walls, Report to National Science Foundation, Port-
land Cement Association, Skokie, Illinois, 315 pp.

Oesterle, R.G., Aristizabal-Ochoa, J.D., Fiorato, A.E.,
Russsell, H.G., and Corley, W.G., 1979, Earthquake
Resistant Structural Walls -- Tests of Isolated Walls
-- Phase I, Report to National Science Foundation,
Portland Cement Association, Skokie, Illinois.

QOesterle, R.G., Aristizabal, J.D., Shiu, K.N., and Cor-
ley, W.G., 1983, Web Crushing of Reinforced Con-
crete Structural Walls, Portland Cement
Association, Project HR3250, PCA R&D Ser. No.
1714, Draft Copy, Skokie, Illinois.

Ogata, K., and Kabeyasawa, T., 1984, “Experimental
Study on the Hysteretic Behavior of Reinforced
Concrete Shear Walls Under the Loading of Differ-
ent Moment-to-Shear Ratios,” Transactions, Japan
Concrete Institute, Vol. 6, pp. 274-283.

Park, R., 1996, “A Static Force-Based Procedure for the
Seismic Assessment of Existing R/C Moment
Resisting Frames,” Proceedings of the Annual
Technical Conference, New Zealand National Soci-
ety for Earthquake Engineering.

Park, R. and Paulay, T., 1975, Reinforced Concrete
Structures, John Wiley & Sons, New York.

Paulay, T., 1971a, “Coupling Beams of Reinforced-
Concrete Shear Walls,” Journal of the Structural
Division, ASCE, Vol. 97, No. ST3, pp. 843-862.

Paulay, T., 1971b, “Simulated Seismic Loading of
Spandrel Beams,” Journal of the Structural Divi-
sion, ASCE, Vol. 97, No. ST9, pp. 2407-2419.

Paulay, T., 1977, “Ductility of Reinforced Concrete
Shearwalls for Seismic Areas,” Reinforced Con-
crete Structures in Seismic Zones, American Con-
crete Institute, ACI Publication SP-52, Detroit,
Michigan, pp. 127-147.

Paulay, T., 1980, “Earthquake-Resisting Shearwalls --
New Zealand Design Trends,” ACI Journal, pp.
144-152.

36 Technical Resources

FEMA 307



Chapter 2: Reinforced Concrete Components

Paulay, T., 1986, “A Critique of the Special Provisions
for Seismic Design of the Bulding Code Require-
ments for Reinforced Concrete,” ACI Journal, pp.
274-283.

Paulay, T., and Binney, J.R., 1974, “Diagonally Rein-
forced Coupling Beams of Shear Walls,” Shear in
Reinforced Concrete, ACI Publication SP-42,
American Concrete Institute, Detroit, Mlchlgan PP
579-598.

Paulay, T. and Priestley, M.J.N., 1992, Seismic Design
of Reinforced Concrete and Masonry Buildings,
John Wiley & Sons, New York.

Paulay, T., and Priestley, M.J.N., 1993, “Stability of
Ductile Structural Walls,” ACI Structural Journal,
Vol. 90, No. 4.

Paulay, T., Priestley, M.J.N., and Synge, A.J., 1982,
“Ductility in Earthquake Resisting Squat Shear-
walls,” ACI Journal, Vol. 79, No. 4, pp.257-269.

Paulay, T., and Santhakumar, A R., 1976, “Ductile
Behavior of Coupled Shear Walls,” Journal of the
Structural Division, ASCE Vol. 102, No ST1, pp
93-108.

Priestley M.J.N,, Evison, R.J., and Carr, A.J., 1978,
“Seismic Response of Structures Free to Rock on
their Foundations,” Bulletin of the New Zealand
National Society for Earthquake Engineering, Vol.
11, No. 3, pp. 141-150.

Priestley, M.J.N., Seible, E,, and Calvi, G.M., 1996,
Seismic Deszgn and Retrofit of Bridges, ] ohn Wlley
& Sons, New York, 686 pp.

Saatciogiu, Murat, 1991, “Hysteretic Shear Response of
Low-rise Walls,” Preliminary Proceedings, Inter-
national Workshop on Concrete Shear in Earth-
quake, Houston Texas.

SANZ, Standards Association of New Zealand, 1995,
Code of Practice for the Design of Concrete Struc-
tures, NZS3101.

SEAOQC, 1996, Recommended Lateral Force Require-
ments and Commentary (“Blue Book™), 6th Edition,
Seismology Committee, Structural Engineers- Asso-
ciation of California, Sacramento, California.

Shiga, Shibata, and Takahashi, 1973, “Experimental
Study on Dynamic Properties of Reinforced Con-
crete Shear Walls,” Proceedings, Fifth World Con-
ference on Earthquake Engineering, Rome, PP
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Shlga Shibata, and Takahashi, 1975, “Hysteretic
Behavior of Reinforced Concrete Shear Walls,”
Proceedings of the Review Meeting, US- -Japan
Cooperative Research Program in Earthquake Engi-
neering with Emphasis on the Safety of School
Buildings, Honolulu Hawaii, pp. 1157-1166

Shiu, K.N., Daniel, J.I., Aristizabal-Ochoa, J.D., A.E.
Fiorato, and W.G. Corley, 1981, Earthquake Resis-
tant Structural Walls -- Tests of Wall With and With-
out Openings, Report to National Science »
Foundation, Portland Cement Association, Skokie,
Hlinois.

Sozen, M.A., and Moehle, J.P.,, 1993, Stiffness of Rein-
forced Concrete Walls Resisting In-Plané Shear,
Electric Power Research Institute, EPRI TR- -
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Vallenas, J.M., Bertero, V.V., Popov, E.P,, 1979, Hyster-
etic Behavior of Reinforced Concrete Structural
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University of California, Report No. UCB/EERC-
79/20, Berkeley, California, 234 pp.

Wallace, J. W.; 1996, “Evaluation of UBC-94 Provi-
sions for Seismic Design of RC Structural Walls,”
Earthquake Spectra, EERI, Oakland, California.
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Detailing Requirements for Bearing Wall Build-
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tures, Inelastic Response and Design, ACI Special
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‘Chapter 3: Reihf_orced Masonry

3.

3.1 Commentary and
Discussion

Several topics that are relevant to the development of
the reinforced masonry component guides are addressed
* in this chapter.

3.1.1 Typical Hysteretic Behavior

The behavior modes described for reinforced masonry
in FEMA 306, Section A3.2 are based on experimental
research and field observation of earthquake damaged
masonry buildings. Typical damage patterns and
hysteretic response representative of different
components and behavior modes are presented in
Table 3-1

3.1.2

Cracks in a structural wall can provide information
about previous displacements and component response.
Aspects of cracking that relate to component behavior
include:

Cracking and Damage Severity

¢ The orientation of cracks

» The number (density) of cracks
+ The spacing of cracks

+ The width of individual cracks

» The relative size of crack widths

In reinforced masonry with a flexural behavior mode,
flexural cracks generally form in the mortar bed joints.
At the base of a tall cantilever wall, flexural cracks may
propagate across the entire length of the wall. Following
an earthquake, flexural cracks tend to close due to
gravity loads, and they may be particularly hard to
locate in mortar joints. They are generally associated
with ductile response and the natural engagement of
vertical reinforcement; as a result, they do not provide a
good measure of damage. When such cracks are visible,
they are only used to identify behavior modes, not to
assess the severity of damage.

Diagonal cracks reflect associated shear stresses, but
they may be a natural part of ductile flexural action. In

Reinforced Masonry

fully-grouted hollow brick or block masonry, diagonal
cracks typically propagate through the units with short
deviations along the mortar joints. Stair-step diagonal
cracks are rare, and would indicate partial grouting and
low-strength mortar. In plastic-hinge zones undergoing
flexural response, diagonal cracks propagate from the
ends of flexural cracks. In shear-dominated panels,
diagonal cracks are more independent of flexural
cracks. ‘

In a flexurally-controlled wall, diagonal cracks are well-
distributed and of uniform, small width. In a wall
undergoing the transition from flexural response to
shear response, one or two diagonal cracks, typically at
the center of the wall, will grow wider than the others,
dominating the response and concentrating shear
deformations in a small area. A poorly-detailed wall
undergoing preemptive shear behavior may have very
few cracks until a critical, single diagonal crack opens.

In the investigation of earthquake-damaged concrete
and masonry wall structures, cracks are the most visible
evidence of damage. Because cracks are a striking and
easily observed indication of the effect of earthquakes
on walls, there is a strong temptation to overemphasize
the relationship between crack width and the associated
decrease (if any) in the strength and deformation
capacity of a wall. Hanson (1996), has made the case
that crack width alone is a poor indicator of damage
severity. In recognition of this, the Component Damage
Classification Guides in FEMA 306 do not rely on
crack width as the only description of damage—
numerous indicators of damage severity in reinforced
masonry walls are described, among which crack width
is only one. Cracking patterns can provide a wealth of
information about the performance of a structural wall,
but the location, orientation, number, and distribution of
the cracks must be considered as important as, if not
more important than, the crack width.

With the understanding that crack width must be
considered in the context of all of the other parameters
that can affect the behavior mode and damage severity
of a wall, a rational approach is required to understand
the influence of crack width on damage. This section
outlines the basis of crack width limits specified in the -
Component Damage Classification Guides.
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Table 3-1 Damage Patterns and Hysteretic Response for Reinforced Masonry Components
Component and Reference Crack / Damage Pattern Hysteretic Response
Behavior Mode
RMI Shing et al., - S
1991 - e E DIAGONAL CRACK TOE CRUSHING
Flexure Specimen 12 ool f#g"‘};&é'}‘i:%‘i
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